P sammomatous melanotic schwannoma (PMS) is a rare tumor and in 50% of cases is a component of Carney complex, an inherited autosomal-dominant disorder. 3, 4 The biological behavior of this tumor is unclear because there have been few cases of PMS, and even lesions considered benign without mitosis, atypia, or necrosis may present with recurrence and/or metastasis after many years. In this paper, we report a case of PMS and review the literature of reported intraspinal PMS cases not associated with Carney complex. To our knowledge, no report has been published selectively to look at the characteristics of intraspinal PMS not associated with Carney complex.
of the cervical spine showed enhancing soft tissue within the left neural foramen with intermixed foci of low signal measuring approximately 2.3 cm (axial) × 1.4 cm (anteroposterior) × 1.5 cm (craniocaudal). The mass resulted in anteromedial displacement of the left vertebral artery. There was also a questionable smaller enhancing lesion in the left C6-7 neural foramen.
On physical examination during the first office visit, there were no palpable masses, and the patient had a good cervical range of motion in the cervical spine. The patient had Grade 5/5 strength on motor examination in all muscle groups tested, intact sensory examination to light touch, Grade 2+ bilateral reflexes, and unremarkable gait. The patient was offered surgical intervention but elected to undergo follow-up with serial MRI performed every 6 months. After consecutive follow-up visits with stable findings on imaging, the 6-month follow-up interval was changed to yearly. Throughout the follow-up the patient was symptom free with intact sensation and Grade 5/5 motor strength.
After 18 months of follow-up, the patient developed significant pain radiating from the left cervical region into the left thumb and index finger. The pain was constant and awakened the patient from sleep at night. He tried antiinflammatory and muscle relaxants, which did not decrease the severity of the pain. He started taking oxycodone prior to sleep, which only gave him approximately 2-3 hours of relief. On physical examination, his strength was Grade 5/5 in the upper extremities in both proximal and distal muscle groups. However, sensation was diminished to light touch in the left index finger and thumb. His deep tendon reflexes were hypoactive. MRI of the cervical spine with and without contrast and MR angiography (MRA) of the head and neck without contrast were performed. Cervical MRI showed a heterogeneous enhancing mass in the left neural foramen at C5-6 with benign remodeling of adjacent bone, resulting in widening of the neural foramen. The mass had imaging characteristics consistent with a nerve sheath tumor. The mass measurements were 2.1 cm (axial) × 1.5 cm (anteroposterior) × 1.9 cm (craniocaudal) (Fig. 1) . The vertebral artery was displaced anteriorly by the anterior border of the mass (Fig. 1 ). However, it had normal flow signal and enhancement. MRA of the head did not show any evidence of vasculopathy. MRA of the neck showed a mass within the left neural foramen at C5-6, which displaced the left vertebral artery anteromedially. However, the artery was patent with normal flow-related signal. Due to his C-6 radiculopathy, the patient agreed to undergo a C5-6 hemilaminectomy.
First Operation
The patient underwent a hemilaminectomy of C5-6. The tumor was highly vascularized and arose from the dorsal root with a small component at the root entry zone. This necessitated opening and ultimately excision of the dural root sheath and the violation of the subarachnoid space. Because the tumor was presumed to be schwannoma based on the preoperative images, it was coagulated and then opened to be internally decompressed using the Cavitron Ultrasonic Surgical Aspirator (CUSA). Upon opening the tumor, the contents were grossly melanotic. The melanin bodies and the tumor capsule helped in differentiating the tumor margins from the normal structures. Complete removal was achieved by removing the capsule and the melanin-containing tumor.
First Pathological Examination
The intradural well-circumscribed tumor showed heavy melanin pigmentation in both the intracytoplasmic and extracellular regions. The neoplasm was composed of spindle and epithelioid cells ( Fig. 2) with atypical nuclei that possessed prominent nucleoli and scattered intranuclear cytoplasmic inclusions. Immunohistochemical analyses for S100, HMB-45/Melan-A cocktail, and Ki 67 were done. The neoplasm showed extensive cytoplasmic and some nuclear labeling of S100 (Fig. 2) . HMB-45/Melan-A and Ki 67 were negative. A BRAF mutation study was done. However, the assay-specific requirement to generate a result was not met, which could have been due to either nucleic acid concentration below the detectable limits or factors that influenced the integrity of the specimen.
Postoperative Course
Three months after resection of the tumor, the patient developed new onset of pain, mild weakness in the left upper extremity primarily affecting raising his hand above his head, and numbness in his middle finger on the left side. CT and MRI of the cervix both with contrast showed an enhancing soft mass within the lateral recess of C5-6 extending out the neural foramen. The mass extended lateral to the vertebral artery at the site of previous tumor (Fig. 3A) . Moreover, a dumbbell-shaped mass was noticed on MRI in the left C-7 foramen. PET and whole-body bone scanning showed significant uptake in the C5-6 vertebrae. CT scanning of the chest, abdomen, and pelvis without contrast showed a 7-mm lytic lesion in the right ischium and a 12-mm lytic lesion in the right inferior pubic ramus. MRI of the pelvis with and without contrast showed a 1.4 × 1.0-cm lesion on the right ischium and a 1.1 × 2.8-cm lesion on the right inferior pubic ramus. The pelvic biopsy was PMS.
Second Operation
Anterior cervical discectomy of C5-6 and C6-7 with corpectomy of C-6 with resection of tumor involving the bone and epidural space was performed. The tumor could not be removed completely due to a previous posterior surgical approach and attachment of tumor to the ligament, which could not be removed easily (Fig. 3B ). In addition, the tumor extended laterally into the epidural space, which was not approachable anteriorly. The patient died 4 months after the second operation.
Second Pathology
The pathology was recurrent/metastatic PMS. The neoplasm showed atypical spindle and epithelioid cells and focally prominent cytoplasmic pigmentation (Fig. 4) . The tumor was morphologically similar to the previous tumor. However, mitotic figures and local areas of necrosis were identifiable. The Ki 67 labeling index varied from region to region, but an estimated 10%-20% of the nuclei were positive (Fig. 4) . Melan-A was positive in one-third to onehalf of the neoplastic cells, and HMB-45 was positive in the majority of the cells. BRAF codon 600 mutation was negative, and reticulin stain showed little reticulin deposition. discussion PMS is a rare melanin-producing tumor that contains psammoma bodies. About 55% of these cases are sporadic, and the rest are associated with Carney complex. 3 The first case was reported by Miller in 1932, 14 and in 1961 Hodson 6 reported PMS affecting cranial nerves, alveolar nerves, palate, parotid gland, and neck. In 1985, Carney and colleagues 4 described the autosomal-dominant syndrome of Carney complex.
Melanotic schwannomas are generally derived from peripheral nerves and sympathetic ganglions, but extraneural locations have been reported. The gross pathology shows a melanin-containing tumor that appears as round to ovoid, is several centimeters in diameter, and is gray to black.
Most of these tumors are not encapsulated. 17 Histologicall y, There is incomplete resection of tumor due to previous surgery and extension of it into the epidural space, which was not accessible anteriorly. these tumors are different from common schwannomas since PMS contains psammoma bodies, melanin, and adipose tissues. The imaging modality of choice is MRI. The tumor is hyperintense on T1-weighted imaging and isointense on T2-weighted imaging due to free radicals in melanin. 7 Carney analysis of 40 PMSs from 31 patients showed that 14 cases were not associated with features of the complex. 3 Those cases that were associated with Carney complex tended to occur in younger patients with an average age of 20 years, while patients without the complex were around 33 years of age. However, the behavior of PMS is not clear since there has not been a single paper that has focused on intraspinal PMS not associated with Carney complex. In a literature review performed by Marton et al., 13 the authors reported 15 cases of PMS not associated with Carney complex (11 intraspinal and 4 extraspinal). Of the 11 cases of intraspinal PMS, 4 patients had recurrence or metastasis, 3 patients had no follow-up, and 1 patient refused surgery. None of the 4 patients with progression of the disease had histopathological findings of malignant PMS at diagnosis. However, there was 1 patient who had malignant PMS at diagnosis, and the patient was disease free at the 1-year follow-up. The percentage of progression to malignancy in this study was 36.4% (4 of 11). If we exclude the patients who had no follow-up and the patient who refused surgery, it was 57.1% (4 of 7).
In our review of the literature (Table 1) , we found a total of 17 reported intraspinal PMSs (in 8 females and 9 males; age range 26-65 years, mean 41 years) not associated with Carney complex (including our patient). Of these 17 cases, only 3 were malignant at the time of diagnosis. Of the 3 cases of malignant PMS, one of them developed recurrence within 1 year postsurgery. Of 14 patients who had nonmalignant PMS at the time of diagnosis, 6 developed either recurrence or metastasis, 2 did not have any follow-up, and 7 were disease free at up to 6 years. The percentage of progression to malignancy was 41.1% (7 of 17) in all reported cases of intraspinal PMS and 46.7% (7 of 15) if we exclude the patient who did not have follow-up and the patient who refused surgery.
Currently, there have not been any reports of the most common type of symptoms or the delay between the first symptoms and the diagnosis for PMS not associated with Carney complex. Based on our results, the most common symptoms were paresthesia and radiculopathy, which over time led to weakness depending on the location of the tumor. The delay between the first symptoms and the diagnosis ranged from 4 weeks to 5 years, and the most common intraspinal tumor site was cervical (5 cervical cases, 3 thoracic, 3 lumbar, 2 sacral, and 2 L5-S1).
The surgical and postsurgical management of PMS not associated with Carney complex have been based on the previous studies of melanotic schwannoma or PMS associated with Carney complex. In our review of literature, 11 of 17 patients had complete resection, 1 patient refused surgery, 1 patient had incomplete resection, and 4 had no available data. Of the 11 patients, 2 had malignant PMS at the diagnosis. Five of 9 patients (55.6%) with complete resection with benign PMS developed recurrence, 50% of patients (1 of 2) with complete resection of malignant PMS at diagnosis developed recurrence, and 100% of patients (1 of 1) with incomplete resection of malignant PMS developed recurrence of the tumor. Two patients (one with malignant and one with nonmalignant PMS) underwent radiation treatment postoperatively. The patient with malignant PMS developed recurrence of the tumor within 8 months postoperatively, but the patient without malignant tumor was disease free 16 months postoperatively. We propose that there can be 2 methods of recurrence and metastasis of PMS: malignant transformation of the tumor or spreading via CSF after violation of subarachnoid space. It has been previously reported that melanotic schwannoma, regardless of the presence of psammoma bodies or Carney complex, has the risk of malignant transformation. 13 In our patient, the first pathology came back as benign (Fig. 2) , but the second pathology was read as malignant (Fig. 4) . Although the previously reported cases did not discuss the method of recurrence and metastasis, our report indicates that the possible malignant transformation should be taken into consideration for patients with PMS not associated with Carney complex.
Another possible method that may lead to recurrence of the tumor is seeding via CSF. As previously indicated, our patient's tumor capsule and subarachnoid space were violated. The opening of the tumor capsule and violation of the subarachnoid space may have provided an opportunity for tumor cells to seed the CSF. In our literature review, we tried to determine whether the location of the tumor (i.e., intradural vs extradural) makes a difference in recurrence and metastasis. For accessing the intradural tumor, it is clear that violation of subarachnoid space is necessary and this might cause seeding via CSF. However, the data were limited because not all previous papers indicated the location (i.e., intra-vs extradural) of the tumor.
conclusions
Follow-up of patients with PMS not associated with Carney complex must be rigorous and focus not only on the regrowth of the primary tumor but also on metastasis to the distal sites. Patients must be monitored postoperatively for many years since some of the reported patients experienced a recurrence or metastasis after up to 6 years. Recurrence and metastasis can be due to either malignant transformation or CSF seeding. The surgeon should try not to violate the capsule to prevent seeding of the CSF. Currently, the treatment modality of choice is complete resection; however, based on our results, 55.6% of patients (5 of 9) with benign PMS developed recurrence after complete resection. Further studies are needed to prove the efficacy of radiation therapy and other possible treatment modalities for these patients.
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